chemotaxis proteins, and translocase proteins. The network contains previously unknown interactions that suggest mechanisms connecting bacterial pathogenesis and chemotaxis. For instance, CheZ, a chemotaxis dephosphorylase that regulates cell motility, is linked to the surface receptor and virulence factors adhesin AidA and Flp pilus-associated FimT.
Toward the end of the breeding season, migratory songbirds face crucial tradeoffs between the timing of reproduction, molt, and migration. Using stable hydrogen isotopes, we show that male American redstarts investing in high levels of reproduction late in the season adopt a unique strategy of combining molt and migration. Tail feathers molted during migration also reflect less orange-red light, indicating reduced carotenoid concentration. Thus, we show how reproduction in a migratory animal can influence both life history strategies (location of molt) and social signals (feather color) during subsequent periods of the annual cycle.
Each year, toward the end of the temperate breeding season, billions of songbirds face crucial energetic tradeoffs between the costs of reproduction, the replacement of feathers (molt), and the hazards of longdistance migration to the tropics (1). To date, our inability to track individual birds moving between their breeding and wintering grounds has made studying the interaction between these events virtually impossible. Using stable hydrogen isotopes and reflectance spectrometry, we investigate how reproduction affects both molting latitude and the color of molted feathers in an 8-g neotropical-nearctic migratory songbird, the American redstart (Setophaga ruticilla). Redstarts ( Fig. 1A ) are socially monogamous, single-brooded passerine birds that provide biparental care to young for 2 to 3 weeks after the young leave the nest (2) . Individuals breed in the deciduous forests of temperate North America and winter in the Caribbean and Middle America. From 2001 to 2004, we sampled tail feathers from individually marked males at a breeding site in Ontario, Canada (44-34 ¶ N, 76-19 ¶ W). These males were known to have bred at the same location the previous year (3) . In eastern North America, stable hydrogen isotope (dD) values in precipitation follow a strong latitudinal gradient where low (more negative) values correspond to higher latitudes (Fig. 1B) (4) . dD signatures in precipitation are transferred through food webs to higher-order consumers, including birds (5). Because feathers are metabolically inert after growth, dD values sampled from feathers in a given breeding season indicate the molting latitude from the previous autumn. (4) . The eastern portion of the breeding range is shaded light gray (2) . The size of the circles represents the frequency distribution of molt locations: large (near breeding grounds), n 0 18 individuals; medium, n 0 9; small, n 0 1. The arrow shows the most likely fall migration route based on band-recapture data (16).
Our analysis shows that 40% (12 out of 30) of males molted on staging areas up to 2000 km south of their breeding grounds EdD values for these birds were more positive than expected from the breeding ground signatures (Fig. 1B ) (6)^. We then tested whether molting latitude was related to the amount and timing of parental care that adult males provided during the preceding breeding season. Males that successfully fledged young tended to molt tail feathers farther south than males that failed to fledge young ( Fig. 2A) . Among males that fledged young successfully, individuals that raised young late in the season tended to molt farther south than males that raised young early in the season (Fig. 2B) . To look at these factors simultaneously, we developed an index of reproductive effort that took into account both the timing and the amount of parental care (7) . Males with the highest reproductive effort scores were most likely to molt during migration, whereas males with scores of zero molted on the breeding grounds (Fig. 2C) .
Using reflectance spectrometry (3), we also examined the influence of molt-migration on the signal quality of a male_s feathers. Red chroma, a measure of the relative amount of light reflected in the red (575 to 700 nm) segment of the bird-visible spectrum (320 to 700 nm), was negatively correlated with dD (r 2 0 0.31, P 0 0.004, n 0 24). Thus, feathers molted farther south were less saturated with orange-red coloration than feathers molted on the breeding grounds (Fig. 2C) , indicating that they also had lower carotenoid concentration (8).
Our findings show the importance of understanding how interactions among events that occur during different periods of the annual cycle can shape the ecology, behavior, and life history of migratory animals. Within a relatively short time period, migratory birds face tradeoffs between three of the most energetically demanding activities of the year. A short-lived migratory songbird providing parental care late in the breeding season is more likely to replace its feathers on staging areas during migration than on the breeding grounds after reproduction. Molting during migration may subsequently reduce survival during the following winter by delaying arrival in the tropics and limiting access to high-quality habitat. Winter habitat quality is known to influence physical condition and departure for spring migration, as well as the timing of arrival and reproduction on the temperate breeding grounds (9, 10) .
Molt-migration can also influence feather color, a trait important for sexual selection during the following breeding season. Carotenoids in feathers are naturally occurring pigments that reflect immunocompetence (11) , signal male quality, and affect female mate choice in many bird species (12) . Physiological stress during molt can reduce carotenoid deposition in feathers (13), suggesting a mechanism by which redstarts that overlap molt and migration produce these poorer quality sexual signals.
Finally, studies using stable isotopes to measure both the geographic connectivity of populations between tropical and temperate regions (14) and breeding dispersal (15) assume that feathers provide an accurate chemical signature of the past year_s breeding location. Our results suggest that this technique may miscalculate the numbers and locations of birds breeding at north-temperate latitudes and that future studies should consider molt ecology when using stable isotopes to track birds year-round. highly correlated (r 2 0 0.66, P G 0.0001, n 0 18) with the slope (1.2 T 0.2 SE) and intercept (14.6 T 11.7 SE) of the geometric mean regression not significantly different from 1 and 0, respectively (t-test slope: t 0 1.03, P 9 0.10; intercept: t 0 1.24, P 9 0.10; df 0 32), suggesting that retrices of each individual were generally molted at a single location. We present results from dD values of the feather base only. dD values were similar between years (analysis of variance: 
Ratcliffe

Materials and Methods
Field data and reproductive effort
Upon arrival in the breeding grounds (year x), we captured redstarts, sampled a tail feather (3 rd retrix), and marked them with a unique combination of color leg bands. In 
Molting latitude
δD values from adult feathers grown in the region of our study site fall between -85 and -75 ‰ (S1) and δD values from redstart nestling feathers grown at our study site (-83 ± 3 ‰, n = 7) also fall within this range. Given our measurement error, we conservatively estimated individuals with δD values = -88 to -72 ‰ to have grown their feathers at or near our study site on the breeding grounds.
Color analysis
We measured plumage reflectance across the entire bird-visible spectrum (320-700 nm) using a probe (maintained at 2 mm from, and at a right angle to, the feather surface) encased in a rubber sheath attached by fibre optic cables to a Deuterium-halogen light source and an Ocean Optics S2000 spectrometer. Feathers were mounted on black velvet to minimize reflectance from the background. We calibrated each measurement with a reference standard (Spectralon®), so that reflectance spectra could be calculated as the percentage of incident light that was reflected at each wavelength. Five measurements (3 mm 2 area) were taken randomly from the orange-red patch at the leading edge of the feather vane (≥ 3 mm between measurements). We calculated total reflectance (R T ) as an index of the brightness of the color (where higher values are paler colors), and both red-(C R ) and UV-chromas (C UV ) as indices of spectral purity, or saturation, in the red (575-700 nm) and UV (320-400 nm) regions of the reflectance spectrum, respectively. Neither R T nor C UV were correlated with δD (P > 0.40), and none of the three color variables were correlated with each other (P > 0.10).
Results
To examine whether δD and red chroma values might be invariant from year to year within individuals, rather than condition and situation dependent, we looked at correlations between consecutive years within individuals. Our results suggest that these traits vary considerably from year-to-year: δD in year x-1 versus year x: r 2 = 0.001, P = 0.94, n = 6; red chroma in year x-1 versus year x: r 2 = 0.11, P = 0.52, n = 6. We added 12 individuals (of unknown breeding origin in year x-1) for the color analysis and found an even weaker correlation in red chroma between year x-1 and year x: r 2 = 0.003, P = 0.81, n = 18.
strong dark line at −2.2 eV corresponds to the 3d band of copper.
Comparison between the bands of the liquid and the solid phase reveals strong similarities but also large differences. Band 1 broadens only slightly, indicating that the electronic states conserve their character through the solid-to-liquid transition. For band 3, the states change from extended states in the solid to highly localized ones in the liquid, as seen by the large broadening of this band and the decrease in intensity. As discussed in (1), the states of band 3 no longer fulfill the basic condition for a delocalized state (6). Rotenberg et al. have reported a similar observation in quasicrystalline materials (7) .
Why do bands 1 and 3 behave so differently in the liquid phase? The reason may lie either in the symmetry or in the wavelength of the wave function. Baumberger et al. attribute the difference to the symmetry of the atomic wave functions. The bands of the inner Fermi surface have a negative group velocity (that is, the band energy decreases with increasing electronic wave vector); a behavior that is characteristic of p-type wave functions, which change their phase at the site of the atomic nucleus. In the solid, the band minimum lies at the Brillouin zone boundary, but in the liquid, this zone boundary no longer exists.
The results reported by Baumberger et al. (1) open up new possibilities for studying liquid metals and show that angular resolved photoemission can be a powerful tool for that. However, more experiments are needed. In particular, it will be interesting to study in detail the importance of the wavelength and the symmetry of the wave function by analyzing different liquid/solid interfaces. The effect of the substrate should also be carefully studied. Finally, experiments on quasicrystals should also be pursued, because they present some similarities with a liquid at an interface: The electronic states show a dispersion relation (7) that corresponds to the potential distribution of the local environment, but with strongly damped amplitudes.
F
or the past 50 years, most field ornithologists studying migratory birds that breed in North America and Europe have concentrated on analyzing their breeding ecology. Molt and migration have received scant attention, as has the time these migratory birds spend at their wintering grounds, even though this period may occupy 8 months of a bird's annual cycle (1). It is easy to understand why ornithologists, most of whom live in the United States, Canada, and Europe, have concentrated on the breeding biology of migratory birds. Not only are there many interesting questions that can be addressed through breeding studies, but also migratory birds are accessible in the spring and summer, are predictable in their movements, and conspicuous in song. After breeding, territories are abandoned, home ranges expand greatly, and birds begin their nocturnal southward movement, making it impossible to track individuals of most species. However, as Norris et al. (2) demonstrate on page 2249 of this issue, new technologies are helping ornithologists to overcome these obstacles, bringing studies of molt and migration to the fore. Norris and co-workers analyze the ratio of stable-hydrogen isotopes in the feathers (3) of individual American redstarts (Setophaga ruticilla) of known reproductive history to determine when and where molting takes place.
Redstarts are typical Neotropical migratory birds that breed in the eastern United States and Canada and winter in Central America and the Caribbean (see the figure) . Norris et al. observed that the stable-hydrogen isotope signature of feathers grown while male birds reside at their breeding grounds in Ontario differs from that of feathers grown by birds on the migratory pathway much farther south. Thus, by analyzing feathers for their isotope content, Norris et al. could tell the latitude at which individual redstarts molted. They found that some redstarts completed their fall molt on the breeding grounds after they had finished nesting, thereby temporally separating the three most energetically costly activities of the year: breeding, molt, and migration. Other redstarts molted as they migrated. Most significantly, these investigators found evidence for a trade-off between energy investment in current reproduction, timing of the molt (a critical aspect of self-maintenance), and sexual signaling by males through feather color (a key determinant of future reproduction). Male redstarts that invested more energy in reproduction, including breeding later into the summer, completed their molt farther south on the migratory route, with greater overlap of molt and migration, and these males grew less colorful nuptial plumage. Analysis of stable-hydrogen isotopes in feathers is the only technique by which this striking pattern could have been revealed-there is essentially no chance of finding and accessing individual study birds during migration, even with radio telemetry.
Being forced to molt while migrating sounds like an energetically costly endeavor compared to molting on the breeding grounds before migration, but is there evidence for such a cost? Norris et al. looked at the carotenoid-based coloration of tail feathers. Male redstarts have a striking orange and black nuptial plumage, and individual tail feathers have a black tip with an orange base (see the figure) . The authors found a negative correlation between plumage coloration and molting latitudebirds that grew their feathers while they migrated had less saturated orange coloration than birds that molted on the breeding grounds. Carotenoid pigments must be ingested by birds to be used in color displays (4) . In other species of songbirds, expression of carotenoid-based plumage coloration signals a male's condition that is used by females in choosing mates or by rival males in assessing fighting ability (4) . A reduction in ornamental coloration could have a direct negative impact on future reproductive success.
Loss of red coloration is a striking cost of reproduction, but there are likely to be other, more-difficult-to-detect costs of delaying molting into the migratory period. Most redstarts arrive in their wintering areas by flying over the Gulf of Mexico, a feat that requires substantial fat reserves (5) . If the energetic demands of molting compete with premigratory fattening, then late-molting birds may have to attempt trans-Gulf migration with lower fat reserves. Molting during migration may also slow males, causing them to arrive later and get less preferred wintering sites. These speculations underscore a problem with the Norris et al. data: All of the males in the study were necessarily survivors. Males had to return to the same breeding grounds 1 year after breeding to have their tails plucked for their molt location and coloration to be determined. Any birds that died as a result of reproductive effort were eliminated from the study. It seems unlikely that eliminating birds that died would have created the patterns that make this study so interesting, but eliminating such birds from the analysis might dilute the estimated cost of reproduction.
The Norris et al. study is not the first high-profile study of American redstarts using stable isotopes. Marra et al. (6) examined stable-isotope ratios in muscle tissue to show that the quality of wintering habitat affects timing of arrival at breeding grounds and hence reproductive success. The studies by Marra et al. and Norris et al. fit together like missing pieces of a complex life-history puzzle. Winter habitat affects spring arrival, territory quality, and date of nesting initiation. Timing of breeding affects timing of the fall molt and migration, and likely the arrival date of migrating birds at their wintering grounds. Birds are squeezed at both ends of their life cycle, as well as during their movements in between. What happens on one side of the continent has a direct and important impact on what happens on the other side. The implications of these studies for the conservation and management of migratory birds are inescapable-if we focus exclusively on the breeding biology of migratory birds we are missing at least half of the picture.
On the island of Jamaica, redstarts are called Christmas Birds because they are conspicuous during the Christmas season. For most ornithologists working in temperate climes, the redstart is a distant memory at Christmas-out of sight and out of mind. But for the growing number of ornithologists using tools like stable isotopes to take a more comprehensive approach to the study of migratory birds, it is becoming clear that what happens in the winter in the tropics and on the way there and back has a large impact on individual migratory birds and the populations in which they reside.
There is a season-turn, turn, turn. The annual life cycle of the American redstart, which breeds in the deciduous forests of temperate North America and Canada and winters in the Caribbean and Central America. Height of the colored bars indicates approximate relative daily energy expenditures during the major events in the redstart's annual life cycle: breeding, molt, migration, and wintering. The true energy costs of these activities are not known. Male redstarts that invest more energy in reproduction during the breeding season molt later, often during their southward migration. As a result, there is a greater overlap of molting with migration, and the energy cost results in these males growing drabber nuptial feathers (illustrated in the off-set histograms by decreased redness and color saturation with increasing overlap between molting and migration). Reduction in nuptial coloration may affect the reproductive success of these males during the next breeding season. In Gram-positive bacteria such as the enterococci, small peptides are the quorumsensing signals of choice (1) . Some of these peptides have additional biological activities such as the ability to lyse target cells. Cytolysin produced by the human pathogen Enterococcus faecalis is one of these special peptides (5) and has been designated a virulence factor because it enhances virulence in a variety of animal models (6) (7) (8) (9) and is associated with increased mortality among infected humans (10) . When the activity was first discovered 70 years ago, the cytolysin of E. faecalis was termed a "pseudohaemolysin" because it seemed only to lyse blood cells when the bacteria were grown on blood agar plates. Intriguingly, this "blood-bashing" activity could not be detected in the supernatants of E. faecalis liquid broth cultures (11) . As Coburn and colleagues now argue in their new study (4), the cytolysin of E. faecalis should be called a "smart-
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